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The white-rot fungus Bjerkanderu sp. BOSS5 produced de-novo several aromatic metabolites. Bcsidcs vcratryl alcohol and veratraldchyde, 
compounds which are known to be involved in the ligninolytic system of several other white-rot fungi, other metabolitcs were formed. These included 
anisaldehyde, 3-chloro.xnisaldchydc and a yet unknown compound containing two chlorine atoms. Additionally GC/MS analysis revealed the 
production of small amounts ofanisyl alcohol and 3-chloro-anisyl alcohol. After 14 days, tbe extracellular fluid of Ltjerkuttdera l3OS55 contained 
lOO/tM veratraldehyde and 50,~M 5-chloro-anisaldehyde. This is the first report ofde-novo biosynthesis ofsimple chlorinated aromatic ompounds 
by a white-rot fungus. Anisaldehyde and 3.chloro-anisaldehyde w re also produced by Bjerkatrderrr adusru but not by Pl~ar~e~ocltuerc c/rr_vsospriu/rr. 
Vcratryl alcohol; Lignin degradation; 5jerkonderu; Plrur~erochaere clwysosporiwrr: Anisaldehydc: 3-Cbloro-anisaldehyde 
1. INTRODUCTION and veratrylglycerol are intermediates during the bio- 
synthesis of veratryl alcohol by P. chrysosporium [12]. 
White-rot fungi, which belong to the basidiomycetes, 
are the most effective lignin degraders in nature. The 
best characterized white-rot fungus is Phanerochaetc 
chrysosporium [I]. Besides the complex and heterogene- 
ous aromatic biopolymer lignin, this fungus is also able 
to degrade a wide range of xenobiotics, including pol- 
ycyclic aromatic hydrocarbons and penthachlorophe- 
no1 [2,3-j. Lignin biodegmdation results from the com- 
bined action of several enzymes working together in 
close co-operation. 
Many simple, aromatic compounds derived from in- 
termediates of the shikimic acid pathway are produced 
by fungi [13]. However, veratryl alcohol is the only 
metabolite known to play a definite role in lignin biode- 
gradation. In the present paper we report the de-novo 
biosynthesis of other aromatic metabolites, 3-chloro- 
anisaldehyde, and anisaldehyde by white-rot fungi of 
the genus Bjcrkundera. 
An interesting aspect of the lignin degrading system 
of P. chrysosporium, is the involvement of an aromatic 
metabolite, veratryl alcohol. Addition of veratryl alco- 
hol to whole cultures of P. chrysosporium increases the 
lignin degrading activity [l]. Veratryl alcohol is an im- 
portant substrate for one of the key enzymes in lignin 
degradation, lignin peroxidase [1,4]. Furthermore, vera- 
try1 alcohol protects this enzyme from inactivation by 
H?O? [5,6]. Veratryl alcohol is synthesized e-novo by 
P. chrysasporium [73 and various other white-rot fungi 
including Bjerkandera adusta [S], Pycnoporus cinnabar- 
irzus [9], Phlebia radiata [lo] and Trametes versicolor 
[l I]. Phenylalanine, 3,4-dimethoxycinnamyi alcohol, 
2. MATERIALS AND METHODS 
Bjerknnderu odrrsru (Willd,:Fr.f Karstcn CBS 595.78 was obtained 
from the Centraal Bureau voor Schimmclcultures (SBS. Baarn. The 
Netherlands). Pfruneroclruerr cfyvsosporiur~~ Burds. DKM F-1767 
(ATTC 24725) was a kind gift from Prof. T.K. Kirk. Bjerkanderu sp. 
DOS55 was isolated and determined as described before [l4]. Strains 
were maintained at 4°C on hemp (Cumubis surivu L.) stem wood 
(0.2%) - Bill [4,14] medium from which they were transferred to malt 
extract plates (I .S% agar. 0.35% malt extract, 0.5% glucose) and exper- 
iments were inoculated with one agar plug as described before [l4]. 
2.2. Cuirure corrditiom 
Corresportdence address: E. de long, Division of Industrial Microbiol- 
ogy, Department of Food Science, Agricultural University Wagenin- 
gen, P.O. Box 8 I29,6700 EV Wageningen, The Neterlands. Fax (3 I) 
(8370) 84978. 
The standard basal medium used in the experiments was N-limited 
liquid BTll medium [4] with IO g,l-’ glucose in 20 mM ?,?-dimethylsuc- 
cinate (pH 4.5) buffer. The medium was autoclaved and a filter- 
sterilized thiamine solution (200 mgl-‘) was added (10 ml,l-I) aftcr- 
wards. For measuring the time course of aromatic mctabolite produc- 
tion, S-ml aliquots of I3111 medium were placed in 30 ml loosely capped 
serum bottles and experiments were incubated statically (unshaken) 
under an air atmosphere at 30°C. For the analysis of mass and ‘H- 
NMR spectra 500 ml aliquots of Bill medium were placed in 5 I 
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Erlcnmcycrs closed with a cotton plug. After inoculation the bottles 
were incubated statically for 30 days at 30°C. 
2.3. Isokurion d idtwri/Tcarior~ of urontutic rrwtabohtcs 
To measure the amount of aromatic metabolitcs the entire culture 
(5 ml) was utilized for the extraction procedure Consequently, scpa- 
rite cultures were prepared and analyzed in quadruplet on each sam- 
pling day. Sterile medium was incubated as an abiotic control, Ace- 
tonitrile (IO ml) was added to the culture bottles (5 ml medium, 
corrected for water evaporation losses). sealed with Teflon-lined sili- 
con scptn and extracted for one hour in a shake table (300 stroketimin; 
stroke=2 cm). A 2.ml subsample of the extract was centrifuged (IO 
min, 13,000 rpm) and 50 ~1 was injected into the HPLC. 
For mass and ‘H-NMR spectra analysis, 500 ml of culture broth 
was filtered [l4], The supernatant was saturated with NaCI and ex- 
tracted with 2 x IO ml dichloromcthanc. The organic phase was cvap- 
orated and this crude fraction was used for total mass pectra nalysis. 
HPLC purified unknown compounds (20 combined injections) were 
used, after evaporation of the solvent with N,, for mass and ‘H-NMR 
spectra nalysis. 
2.4. Syttksi.s of atirltet~lic ccmpounrls 
3-Chloro-anisyl alcohol (3-chloro-4-mcthoxybcnzyl alcohol) was 
prepared from 3-chloro-4.methoxybcnzoic acid by reduction with bo- 
rane (BH>) in tetrahydrofuran [15]. 
‘H-NMR (CDCI,) 6 (ppm): 3.03 (br s, -OH); 3.82 (s, -OCH,): 4.46 
(s, -CH,-); 6,8l (d, J = 6.5 Hz, aromatic-H,); 7.10 (dd, J = 2.0, 6.5 
Hz, aromatic-H,); 7.27 (d, J = 2.0 Hz. aromatic-Hz). 
“C-NMR (CDCI,) B (ppm): 55.92 (4); B3.74 (1); I II.73 (d); 121.99 
(s); 12G.2G (d); 128.79 (d); 133.79 (s); 154.03 (5). 
3-chloro-anisaldehyde (3-chloro-4methoxybenzaldchydc) was prc- 
pared from 3-chloro-anisyl a cohol by a gentle oxidation with pyridin- 
ium dichromnte in dry dichloromcthane [l6]. Melting point Gl-G2”C. 
‘H-NMR (CDCI,) 6 (ppm): 3.96 (a. -OCII,); 7.02 (d. J = 8.5 Hz, 
aromatic-H,): 7.75 (dd, J = I .9, 8.5 He. aromatic-H,); 7.87 (d. J = 1.9 
Hz, aromatic-H& 9.82 (s. -CHO). 
“C-NMR (CDCI,) B (ppm): 56.26 (q), I I I .44 (d). 123.43 (s). 130.00 
(s), 130.29 (d), 130.93 (d), 159.54 (s), 189.42 (d). 
Supematant (50 ~1) was routinely analyecd on a Hewlett-Packard 
HPLC Chemstation (Pascal series) (Waldbronn. Germany) equipped 
with a HP1050 pumping station, a HP1040 M series II diode array 
detector and a HP9OOO-300 data processor. The column (2OO x 3 mm) 
filled with ChromSphcr Cl&PAH (S-pm particles) was from Chrom- 
pack (Middelburg, The Nelllerkinds). Aromatic mctabolitcs wcreana- 
lyzed with the following gradient (0.4 mllmin. 3OOC): 9O:lO. 0:lOO and 
0: 100 H~O/CH,CN at 0. I5 and 20 min. respectively. The UV absorb- 
ance was monitored al 2 ntn wavelenglh intervals from 210 to 350 nm. 
Mass spectra wcrc measured with a Hewlett-Packard HP5890 CC 
with 30 m DBl7 column and a HP5970 MSD. Injection temperature 
was 200°C. The starting temperature of the column was SO’C, gradi- 
ent 7OC/min, fnal temperature 240%. Helium was used ns carrier gas 
(20 mhmin). 
‘H-NMR spectra were obtained with a Bruker AC-P20 spectro- 
meter (Rheinrtettcn-Forchheim, Germany). Synthesized compounds 
and HPLC purified mctabolite were dissolved in CDCI,. Tetrameth- 
ylsilanc was used as an internal standard. 
Veratryl alcohol, veratraldehydc. anisyl alcohol (4-methoxybenzyl 
alcohol), anisaldehydc (4-methoxybenzaldehyde) w re from Janssen 
Chimica (Tilburg, The Netherlands). 3-Chloro4methoxybentoic 
acid was from Heraeus (Karlsruhc, Germany). 
3. RESULTS 
3. I. IdetuiJication of aromatic rttetabolites 
When grown in a synthetic medium with glucose as 
the sole source of carbon and energy, Bjcrkandera sp. 
BOSSS produced several aromatic metabolites. A typi- 
cal HPLC plot of a 14-day-old supernatant is shown in 
Fig. 1. In the 14-day-old sterile synthetic medium none 
of the aromatic metabolites were detected. The aromatic 
metabolites were identified by extracting the superna- 
tant with dichloromethane and analyzing the organic 
phase on GC/MS. In addition to veratraldehyde and 
veratryl alcohol, Bjerkmdera BOSSS produced anisal- 
dehyde and 3-chloro-anisaldehyde. Furthermore a yet 
unknown peak was detected (Fig. 1) which, based on 
GC/MS analyses, contained 2 chlorine atoms. With the 
(X/MS, small amounts of anisyl alcohol and 3-chloro- 
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Fig. I, (A) Typical HPLC chromatogram (A 265 nm) of a 14&y-old suprnatant of Bjerhunderu BOS55. (B) Enlargement of the chromatopam. 
CC) UV spectrum of peak 2 (rough line) and reference spectrum of anisaldehydc (smooth line). Peaks arc: (I) veratraldchyde. (2) anbaldchydc, (3) 
3-chloro-anisaldehyde, (4)unknown compound, (5) veratryl alcohol. 
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Fig. 2. Mass spectra l’ 3.chloro-anisyl ;~lcol~ol and 3-chloro-anisaldehyde. 
anisyl alcohol were also detected in 30-day-old cultures. 
The mass spectra of synthesized 3-chloro-anisyl alcohol 
and synthesized 3-chloro-anisaldehyde are given (Fig. 
2). In Fig. 3, the normalized UV-spectra of both 3- 
chloro-anisyl alcohol and 3-chloro-anisaldehyde are 
presented. For all aromatic metabolites detected with 
HPLC (Fig. l), the HPLC retention times, the UV spec- 
tra , the GC retention times and the mass spectra were 
identical to authentic compounds. 3-Chloro-anisalde- 
hyde biosynthesized by Bjerkurldera BOSS5 was puri- 
fied with HPLC. Its ‘HJWvIR spectrum (‘H-NMR 
(CIY&) 6 (ppm): 3.98 (-001,); 7.03, 7.77, 7.90 ring 
protons; 9.84 (-CHO)) was identical to the spectrum of 
the synthesized compound. 
3.2. Biosynthesis of aromatic nzetabolites by Bjerkan- 
deru BOS55 
A typical time course of aromatic metabolite produc- 
tion by Bjerkunderu BOS55 is given in Fig. 4. Although 
the amount of anisaldehyde decreases to very low con- 
centrations after 14 days (Figs. I and 4) it was still 
detectable. This is shown with the UV spectrum which 
fits quite well with the spectrum of the standard (Fig. 
IC). For most compounds, maximum concentration was 
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Fig. 3. Scdkd UV spectra recorded in acetonitrile/H,O (80:20) of 3chloro-anisyl alcohol (A) and 3--chloro-anisaldehyde (B).
reached after 10 (3-chloro-anisaldellyde (50 ,uM) and 
anisaldehyde (3 PM) to 14 (veratraldehyde (100 ,uM)) 
days of incubation (Fig. 2), only the amount of veratryl 
alcohol showed a significant increase during the rest of 
the experiment. 
3.3. Biosynthesis of aronfaric nzerabolirw by other 
straitls 
Formation of the newly detected aromatic meta- 
bolites was also investigated in B. adusta and P. chryso- 
sporirrm Bjerkmdera adusta produced the same aro- 
matic metabolites as Bjerkattdera BOS55 as judged by 
HPLC and GC/MS. The metabolites occurred at similar 
concentrations in both Bjerkatzdera spp., except hat the 
anisaldehyde (30 ,uM) concentration was higher in the 
supernatant of B. adusra. P. ci~rysosporiwz, however, 
only produced veratryl alcohol (0.1 mM after 14 days) 
as observed by HPLC analysis of the supernatant. GCI 
MS analysis also revealed trace amounts of veratralde- 
hyde. Anisyl alcohol, 3-chloro-anisyl alcohol or the re- 
spective aldehydes, were not detectab!e by GC/MS. 
4. DlSCUSSION 
Veratryl alcohol and veratraldehyde are known aro- 
matic metabolites excreted by white-rot fungi which 
play an important role in lignin degradation [l]. In the 
present article we show that white-rot fungi of the genus 
0 4 7 10 14 21 28 
Time (days) 
Fig. 4. Time course of the de-novo production of aromatic mctabolites by i3j~rkanderu BOSSS. The identified compounds are plotted in 
concentration OrM) units, the unknown compound containing two chlorine atoms is plotted in HPLC area units. The means of quadruplets 2 5.D. 
are given. 
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Bjerkurtdera produce two pairs of aromatic metabolites 
not formed by P.chrysosporiutn: anisyl alcohol and anis- 
aldehyde, 3-chloro-anisyl alcohol and 3-chloro-anisal- 
dehyde. In contrast o P. citrysosporium, B. adustct pro- 
duces an extracellular aryl alcohol oxidase [I?], thought 
to be an important enzyme in the generation of HzO1. 
This enzyme oxidizes both veratryl alcohol and anisyl 
alcohol, displaying higher activity with the latter [17]. 
Preliminary results indicate that 3-chloro-anisyl alcohol 
is also a substrate for the aryl alcohol oxidase, suggest- 
ing that this alcohol is the precursor to 3-chloro-ailisal- 
dehyde. 
As far as we know this is the first report of the de- 
novo biosynthesis of 3-chloro-anisyl alcohol by fungi. 
On the contrary, anisaldehyde and 3-chloro-anisalde- 
hyde discovered in the Bjerlrundera spp, are known aro- 
matic metabolites of other fungi. Lepistn dietnii pro- 
duces 3-chloro-anisaldehyde [ 181, anisaldehyde is pro- 
duced by several fungi including Cunznropt~yllus virgi- 
neus [ 191, Trametes suaseoletts [30], Dacdalea juniperha 
[21] and Isctinodertm benzoinunz [22]. Berger ct al. [8] 
screened many fungi for the production of flavours and 
fragrances. They found that B. adustrr biosynthesiaes 
anisaidehyde and veratraldehyde de-novo and con- 
cluded that this fungus is a potential flavour producer. 
In this work we have demonstrated that under certain 
culture conditions Bjerkandern spp. also form undesira- 
ble chlorinated products. 
Biohalogenation is not a rare event in nature, at the 
moment more than 700 halogenated compounds are 
knirwn [23]. This is, however, the first report of chlorin- 
ated aromatics production by a white-rot fungus. 
We conclude that the ligninolytic complexes of P. 
chysosporiutrt and Bjerhmdercr spp. differ significantly 
both with respect o enzymes (aryl alcohol oxidase [I71 
and manganese inhibited peroxidasz [ 141) and aromatic 
metabolites produced. Further research in the physio- 
logical and ecological role of the above described aro- 
matic metabolites in lignin degradation is therefore ne- 
cessary. 
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